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MONO-DIAMETER WELLBORE CASING 
Cross Reference To Related Applications 
This application Is a continuation-in-part of U.S. utility application serial number 
09/454,139, attorney docket number 25791.3.02, filed on 12/3/1999, which claimed the 

5 benefit of the filing date of U.S. provisional patent application serial number 

60/111 ,293, attorney docket number 25791.3, filed on 12/7/1998, the disclosures of 
which are incorporated herein by reference. 

This application is related to the following: (1 ) U.S. patent application serial no. 
09/454,139, attorney docket no. 25791.03.02, filed on 12/3/1999, (2) U.S. patent 

10 application serial no. 09/510,913, attorney docket no. 25791.7.02. filed on 2/23/2000, 
(3) U.S. patent application serial no. 09/502,350, attorney docket no. 25791 .8.02, filed 
on 2/10/2000, (4) U.S. patent application serial no. 09/440,338, attorney docket no. 
25791.9.02, filed on 11/15/1999, (5) U.S. patent application serial no. 09/523.460, 
attorney docket no. 25791 . 1 1 ,02, filed on 3/1 0/2000, (6) U.S. patent application serial 

15 no. 09/512,895, attorney docket no. 25791.12.02, filed on 2/24/2000, (7) U.S. patent 
application serial no. 09/51 1 ,941 , attorney docket no. 25791.16.02, filed on 2/24/2000, 
(8) U.S. patent application serial no. 09/588,946, attorney docket no. 25791 .17.02, filed 
on 6/7/2000, (9) U.S. patent application serial no. 09/559.122, attorney docket no. 
25791.23.02, filed on 4/26/2000, (10) PCT patent application serial no. 

20 PCT/US00/18635, attorney docket no. 25791.25.02, filed on 7/9/2000, (11) U.S. 

provisional patent application serial no. 60/162,671 , attorney docket no. 25791 .27, filed 
on 11/1/1999. (12) U.S. provisional patent application serial no. 60/154.047, attorney 
docket no. 25791.29. filed on 9/16/1999. (13) U.S. provisional patent application serial 
no. 60/159.082, attorney docket no. 25791.34, filed on 10/12/1999. (14) U.S. 

25 provisional patent application serial no. 60/1 59,039, attorney docket no. 25791 .36, filed 
on 10/12/1999, (15) U.S. provisional patent application serial no. 60/159,033. attorney 
docket no. 25791.37. filed on 10/12/1 999. (16) U.S. provisional patent application serial 
no. 60/212,359, attorney docket no. 25791.38. filed on 6/19/2000, (17) U.S. provisional 
patent application serial no. 60/165.228, attorney docket no. 25791.39, filed on 

30 1 1/12/1999, (1 8) U.S. provisional patent application serial no. 60/221 ,443, attorney 
docket no. 25791.45, filed on 7/28/2000, (19) U.S. provisional patent application serial 
no. 60/221,645, attorney docket no. 25791.46, filed on 7/28/2000. (20) U.S. provisional 
patent application serial no. 60/233.638, attorney docket no. 25791.47, tiled on 
9/18/2000, (21) U.S. provisional patent application serial no. 60/237,334, attorney 

35 docket no. 25791 .48, fited on 1 0/2/2000, and (22) U.S. provisional patent application 
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serial no. 60/262,434, attorney docket no. 25791,51, filed on 1/17/2001, the disclosures 
of which are incorporated herein by reference. 

Background of the Invention 
This invention relates generally to welibore casings, and in particular to wellbore 

5 casings that are formed using expandable tubing. 

Conventionally, when a wellbore is created, a number of casings are installed in 
the borehole to prevent collapse of the borehole wall and to prevent undesired outflow 
of drilling fluid into the formation or Inflow of fluid from the formation into the borehole. 
The borehole is drilled In intervals whereby a casing which is to be installed in a lower 

10 borehole interval is towered through a previously installed casing of an upper borehole 
interval. As a consequence of this procedure the rasing of the lower interval is of 
smaller diameter than the casing of the upper Interval. Thus, the casings are in a 
nested arrangement with casing diameters decreasing In downward direction. Cement 
annuli are provided between the outer surfaces of the casings and the borehole wall to 

15 seal the casings from the borehole wall. As a consequence of this nested arrangement 
a relatively large borehole diameter Is required at the upper part of the wellbore. Such 
a large borehota diameter Involves increased costs due to heavy casing handling 
equipment, large drill bits and increased vdumes of drilling fluid and drill cuttings. 
Moreover, increased drilling rig time is involved due to required cement pumping, 

20 cement hardening, required equipment changes due to large variations in hole 

diameters drilled in the .course of the well, and the large volume of cuttings drilled and 
removed. 

The present invention is directed to overcoming one or more of the limitations of 
the existing procedures for forming new sectons of rasing in a wellbore. 
25 Summary of the Invention 

According to one aspect of the present invention, an apparatus for forming a 
wellbore rasing In a borehole located in a subterranean formation including a 
preexisting wellbore rasing is provided that includes a support member including a first 
fluid passage, an expansion cone coupled to the support member including a second 
30 fluid passage flukJcdy coupled to the first fluid passage, an expandable tubular liner 
movably coupled to the expansion cone, and an expandable shoe coupled to the 
expandable tubular liner. 

According to another aspect of the present invention, a shoe is provided that 
includes an upper annular portion, an intermediate annular portion, and a tower annular 
35 portion. The intermediate annular portion has an outer circumference that is larger 
than the cuter drcumferences of the upper and tower annular portions. 
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According to another aspect of the present invention, a method of forming a 
wellbore rasing in a subterranean formation having a preexisting wellbore rasing 
positioned in a borehole is provided! that includes installing a tubular liner, an expansion 
cone, and a shoe in the borehole, radially expanding at least a portion of the shoe by 
5 injecting a fluidic material into the shoe, and radially expanding at least a portion of the 
tubular liner by injecting a fluidic material into the borehole below the expansion cone. 

According to another aspecft of the present invention, an apparatus for forming 
a wetlbore easing in a subterranean formation having a preexisting wellbore easing 
positioned In a borehole is provided that includes means for installing a tubular liner, an 
1 0 expansion cone, and a shoe in the borehole, means for radially expanding at least a 
portion of the shoe, and means for radially expanding at least a portion of the tubular 
liner. 

According to another aspect of the present invention, an apparatus for forming 
a wellbore rasing within a subterranean formation including a preexisting wellbore 

1 5 casing positioned in a borehole is provided that includes a tubular liner, and means for 
radialSy expanding and coupling the tubular Diner to an overlapping portion of the 
preexisting alitor© rasing. The inside dimeter of the radially expanded tubular liner 
os substantia^ equal to the inside diameter of a non-overlapping portion of the 
preexisting wellbore rasing. 

20 According to another aspect of the present invention, a wellbore rasing 

positioned in a borehole within a subterranean formation lis provided that Includes a first 
wellbor© rasing, and a second wellbore casing coupled to and overlapping with the first 
wellbore rasing. The second wellborn rasing is coupled to the first wellbore rasing by 
the prccsss off: installing the second wsibore rasing, an expansion cone, and a shoe in 

25 the borehole, radially expanding at (east a portion off the shoe by infecting a fluidic 
material into the shoe, and radially expanding at least a portion of the second wellbore 
rasing by Injecting ® fluidic material into the borehole betow the expansion eon©. 

According to another aspect of the present invention, a method of forming a 
tubular structure in a subterranean formation having a preexisting tubular member 

30 positioned in a borehole is provided that incOudes Installing a tubular liner, an expansion 
cone, and a shoe in the borehole, radially expanding at least a portion of the shoe by 
injecting a fluidic material Into the shoe, and radially expanding at least a portion of the 
tubular liner by injecting a fluidic material into the borehole below the expansion cone. 
According to another aspect off the present invention, an apparatus for forming 

35 a tubular structure in a subterranean formation having a preexisting tubular member 
positioned in a borehole fe provided that includes means for installing a tubular Diner, an 
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expansion ccme, and a shoe in the borehole, means for radially expanding at least a 
portion of the shoe, and means for radially expanding at least a portion of the tubular 
liner. 

According to another aspect of the present invention, an apparatus for forming 
5 a tubular structure within a subterranean formation including a preexisting tubular 
member positioned in a borehole is provided that includes a tubular liner and means for 
radially expanding and coupling the tubular liner to an overlapping portion of the 
preexisting tubular member. The inside diameter of the radially expanded tubular liner 
is substantially equal to the inside diameter of a non-overlapping portion of the 
10 preexisting tubular member. 

According to another aspect of the present invention, a tubular structure 
positioned in .a borehole Mi a subterranean formation is provided that includes a first 
tubular member and a second tubular member coupled to and overlapping with the first 
tubular member. The second tubular member is coupled to the first tubular member by 
15 the process of: installing the second tubular member, an expansion cone, and a shoe 
In the borehole, radially expanding at least a portion of the shoe by injeding a fluidic 
material into the shoe, m& radtolly expanding at [east a portion of the second (tubular 
member by injecting a fluidic material into the borate)!® - below the expansion cone. 

Brief Description of the Drawings 
20 FIG. 1 is a fragmentary cross-sectional view illustrating the drilling of a new 

section of a well borehole. 

FIG. 2 is a fragmentary cross-sectional view illustrating the placement of an 
embodiment of an apparatus for creating a mono-diameter wellbor© casing within the 
new section of the well borehole of FIG. 1 . 
25 FIG. 2a is a cross-sectional! view of a portion of the shoe of the apparatus of 

FIG. 2. 

FIG. 2b is a crass-sectional view of another portion of the shoe of the apparatus 
of FIG. 2. 

FIG. 2c is a cross-section®! view of another portion of the shoe of the apparatus 
30 of FIG. 2. 

FIG. 2d is a cross-sectional view of another portion of the shoe of the apparatus 
of FIG. 2. 

FIG. 2e is a cross-sectional view of a portion of the shoe of the apparatus of 
FIG. 2a 
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FIG. 3 is a fragmentary cross-sectional view illustrating the Injection of a 
hardenable fluidic sealing material through the apparatus and into the new section of 
the well borehole of FIG. 2. 

FIG. 3a is a cross-sectional view of a portion of the shoe of the apparatus of 

5 FIG. 3. 

FIG. 3b is a cross-sectional view of a portion of the shoe of the apparatus of 
FIG. 3a. 

FOG. 4 is a fragmentary cross-sectional view illustrating the injection of a fluidic 
material into the apparatus of FIG. 3 in order to fluidicly isolate the interior of the shoe. 
10 FIG. 4a Is a cross-sectional view of a portion of the shoe of the apparatus of 

FIG. 4. 

FUG. 4b is.a cross-sectional view of a portion of the shoe of the apparatus of 
FIG. 4a. 

FIG. 5 is a cross-sectional view illustrating the radial expansion of the shoe of 

15 FIG. 4. 

FIG. 6 is a cross-sectional view illustrating the lowering of the expandable 
expansion cone Into tha (radially expanded shoe of the apparatus of FIG. 5. 

FIG. 7 is a crass-sectional view illustrating the expansion of the expandable 
expansion cone of the apparatus of FIG. 8. 
20 FIG. 8 is a cross-sectional vcew Blustratlng the infection of fluidic malarial into 

the radially expanded shoe of the apparatus of FIG. 7. 

FIG. 9 is a cross-sectional view Illustrating the completion of the radial 
expansion of the expandable tubular member of the apparatus of FIG. 3. 

FIG. 10 is a crass-sectional view illustrating the removal of the bottom portion of 
25 the radlalty expanded shoe of the apparatus of FIG. 9. 

FOG. 11 1 is a cross-sectional view illustrating the formation of a mono-diameter 
wslliboro rasing that includes a plurality of overlapping mono-diameter weilbone 
casings. 

FIG. 12 is a fragmentary cross-sectional view Illustrating the placement of an 
30 alternative embodiment of an apparatus for cmating a mono-diameter. weHtore casing 
within fih© wsllbore of FIG. 1. 

FIG. 12a is a cross-secttonal view of a portion of the shoe of the apparatus off 
FIG. 12. 

FJG. 12b Is a cross-secttonal view off a portion erf the shoe of the apparatus off 
35 FIG. 12. 
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FIG. 12c is a cross-sectional view of another portion off the shoe of the 
apparatus of FIG. 12. 

FIG. 1 2d is a cross-sectional view of another portion of the shoe of the 
apparatus of FIG. 12. 

5 FIG. 13 is a fragmentary cross-sectional view illustrating the injection of a 

hardenabie fluidfc sealing material through the apparatus and into the new section of 
the well borehole of FIG. 12. 

FIG. 13a Is a cross-sectional view of a portion of the shoe of the apparatus of 
FIG. 13. 

10 FIG. 14 is a fragmentary cross-sectional view illustrating the Injection of a fluidic 

material into the apparatus of FIG. 1 3 In order to fluldicly isolate the interior of the shoe. 

FIG. 14a is a cross-sectional view of a portion of the shoe of the apparatus of 
FIG. 14. 

FIG. 15 is a cross-sectional view illustrating the radial expansion of the shoe of 
15 FIG. 14. 

FIG. 16 is a cross-sectional view illustrating the towering of the expandable 
expansion cone into the radially expanded shoe of the apparatus of FIG. 15. 

FIG. 17 is a cross-sectional view illustrating the expansion of the expandable 
expansion cone of the apparatus of FIG. 16. 
20 FIG. 1 8 is a cross-sectional view illustrating the injection of fluidic material Into 

the radially expanded shoe of the apparatus of FIG . 17. 

FIG. 1 9 is a cross-secttonal view Illustrating the completion of the radial 
expansion of the expandable tubular member of the apparatus of FIG. 1 8. 

FIG. 20 is a cross-sectional view Illustrating the removal of the bottom portion of 
25 the radially expanded shoe of the apparatus of FIG. 1 9. 

Detailed Description of the Illustrative Embodiments 
Referring initially to FIGS. 1 , 2, 2a, 2b. 2c, 2d, 2e, 3, 3a, 3b, 4, 4a, 4b, and 5- 
10, an embodiment off an apparatus and method for forming a mono-diameter wellbore 
casing within a subterranean formation will now be described. As illustrated in Fig. 1, a 
30 wellbore 100 Is positioned In a subterranean formation 105. The wellbore 100 incSudes 
a pre-existing cased section 110 having a tubular casing 115 and an annular outer 
layer 120 of a fluidic sealing material such as, for example, cement. The wellbore 100 
may be positioned In any orientation from vertical to horizontal. In several alternative 
embodiments, the pre-existing cased section 110 does not include the annular outer 
35 layer 120. 
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In order to extend the wefllbore 100 into the subterranean formation 105, a drill 
string 125 is used in a well known manner to drill out material from the subterranean 
formation 105 to form a new wellbore section 130. In a preferred embodiment, the 
inside diameter of the new wellbore section 130 is greater than the inside diameter of 
5 the preexisting wellbore casing 115. 

As illustrated in FIGS. 2, 2a, 2b, 2c, 2d, and 2e, an apparatus 200 for forming a 
weilbore casing in a subterranean formation is then positioned in the new section 130 
of the wellbone 1 00. The apparatus 200 preferably includes an expansion cone 205 
having a fluid passage 205a that supports a tubular member 210 that Includes a tower 
10 portion 210a, an intermediate portion 210b, an upper portion 210c, and an upper end 
portion 21 Od. 

The expansion cone 205 may be any number of conventional commerciaHy 
available expansion eon©s. In several alternative embodiments, the expansion cone 
205 may be oontrofebly expandable in the radial direction, for axampte, as disclosed in 

15 U.S. patent rcos. 5,348,095, and/or 6,01 2,523, the disclosures of which are 
incorporated herein by reference. 

The tubufer member 21 0 may be fabricated from any number of conventional 
commercially available materials such as, for example, Oilfield Country Tubular Goods 
(OCTG), 13 chromium steel tubing/rasing, or plastic tubing/casing. In a preferred 

20 embodiment, the tubular member 21 0 is fabricated from OCTG in order to maximize 
strength after expansion. In several alternative embodiments, the tubular member 21 0 
may be solid and/or slotted. For typical tubular member 210 materials, the length of 
the tubular member 210 is preferably limited to between about 40 to 20,000 feet in 
length. 

25 The lower portion 210a of the tubular member 210 preferably has a larger 

inside diameter than the upper portion 21 0c of the tubular member. In a preferred 
embodiment, tho mill thicSmess of the intermediate portion 210b of the tubular member 
201 is (ess than the wall thickness of the uppar portion 21 0c of the tubular member in 
order to facilitate the initiation of the radial expansion proosss. In a preferred 

30 ' embodiment, the upper end. portion 21 Od of (the h&ular member 21 0 is slotted, 

perforated, or otherwise modified to catch or slow down the expansion cone 205 when 
it completes the extrusion of tubular member 210. In a preferred embodiment, wait 
thickness of the upper end portion 210d of the tubular member 210 is gradually tapered 
in order to gradually reduce the required radial expansion forces during the latter 

35 stages of the radial expansion process. In Sh&s manner, shock leading conditions 
during (the latter stages of the radial expansion process am at least minimized. 
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A shoe 215 fe coupled to the lower portion 210a of the tubular member. The 
shoe 215 includes an upper portion 21 5a, an Intenradiate porto 
portion 215c having a valveable fluid passage 220 that is preferably adapted to receive 
a plug, dart, or other similar element for controllably sealing the fluid passage 220. in 

5 (this manner, the fluid passage 220 may be optimally sealed off by introducing a plug, 
dart and/or ball sealing elements Into the fluid passage 220. 

The upper and lower portions, 21 5a and 21 5c, of the shoe 21 5 are preferably 
substantially tubular, and the intermediate portion 215b of the shoe is preferably at 
least partially folded inwardly. Furthermore, in a preferred embodiment, when the 

10 intermediate portion 215b of the shoe 21 5 is unfbtded by the application of fluid 

pressure So the interior ragton 230 of the shoe, the inside and outside diameters of the 
intermediate portion aire preferably both greater than the inside and outside diameters 
of the upper amd tower portions, 215a and 215a In this manner, the outer 
circumference of the intermediate portion 21 5b of the shoe 21 5 is preferably greater 

15 than the outside circumferences of the upper and lower portions, 215a and 215b, of the 
shoe. 

On a preferred embodiment, the shoe 215 further includes one or more through 
and stde outlet pom in fflluidfc communicate with the fluid passage 220. In this 
manner, the shoe 215 optimally injects hardenabte fluidic sealing material into the 

20 region outside the shoe 21 5 and tubular member 21 0. 

in an altemativ® embodiment, the flow passage 220 is omitted. 
A support member 225 having fluid passages 225a and 225b is coupled to the 
expansion cone 205 for supporting the apparatus 200. The fluid passage 225a is 
preferably fJuMBcBy coupled to the fluid passage 205a. In this manner, fluidic materials 

25 may bQ convoyed to and from the region 230 below the expansion con© 205 and above 
the bottom of the shoe 215. The fluid passage 225b is preferably fluidicly couplsd to 
the fluid passage 225a and includes a conventional control valve. In this manner, 
during placement of the apparatus 200 within tih® wellbcre 100, surge pressures ran be 
relieved by the fluid passage 225b. In a preferred embodiment, the support member 

30 225 further Sneludes one or more conventional ossntratesrs (noi illustrated) to iyskp 
stabilise the apparatus 200. 

During placement of the apparatus 200 within the welfbore 1 00, the fluid 
passage 225a is preferably selected to transport (materials such as, for example, drilling 
mud or fomi®tton fluids at flow rates and pressures ranging from about 0 to 3,000 

35 gallons/minute and 0 to 9,000 psl in order to mtnlmize drag on the tubular member 
being run and to minimize surge pressures exerted on the wellbore 130 which could 
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cause a toss of wellbore fluids and lead to hole collapse. During placement of the 
apparatus 200 within the wellbore 100 t the fluid passage 225b is preferably selected to 
convey fluidic materials at flow rates and pressures ranging from about 0 to 3,000 
galtons/minute and 0 to 9,000 psi in order to reduce the drag on the apparatus 200 

5 during Insertion Into the new section 130 of the wellbore 1 00 and to minimize surge 
pressures on the new wellbore section 1 30. 

A cup seal 235 is coupled to and supported by the support member 225. The 
cup seal 235 prevents foreign (materials from entering the interior region of the tubular 
member 210 adjacent to the expansion cone 205. The cup seal 235 may be any 

10 number of conventional commercially available cup seals such as, for example, TP 
cups, or Selective injection Packer (SIP) cups modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the cup seal 235 is a 
SIP cup seal, available from Halliburton Energy Services in Dallas, TX in order to 
optimally btocfc foreign material and contain a body of lubricant In several alternative 

15 embodiments, the cup seal 235 may include a plurality of cup seals. 

One or more sealing members 240 are preferably coupled to and supported by 
the exterior surface of the upper end portion 21 Od of the tubular member 210, The 
sealing members 240 pffoiferabiy provide an overlapping joint between the tower end 
portion 115a of the casing 115 and the upper end portion 21 Od of the tubular member 

20 210. The sealing members 240 may be any number of om^^tional commercially 
available seals such as, for example, lead, (rubber, Teftonjor epoxy seals modified in 
accordance with the teachings of the present disclosure. In a preferred embodiment, 
the sealing members 240 are molded from Stratalock epoxy available from Halliburton 
Energy Services m Dates, TX in order to optimally provide a toad bearing interference 

25 fit befaaeen the upper end portion 210d of the tubular memiber 21 0 and the lower end 
portion 115® of the existing casing 1 15. 

Jn a preferred embodiment, the sealing members 240 are selected to optimally 
provide a sufficient Wctkmal force to support the expanded tubular member 210 from 
the existing casing 115. In a preferred embodiment, the foUcBonal force optimally 

30 provtded by the sealing members 240 ranges from about 1 .000 to 1 ,000,000 Ibf in 
order to optimally support the expanded tubular member 21 0. 

In an alternative embodiment, the sealing members 240 ane omitted from the 
upper end portion 21 Od of the' tubuter member 21 0, and a load bearing metal-to-metal 
interfenancQ (St is provided between upper end portion of the tubular member and the 

35 tower end portion 1 15a of the existing casing 115 by plastically deforming and radiaSly 
expanding the tubufar member into contact with the exSsffing casing. 
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In a preferred embodiment, a quantity of lubricant 245 is provided In the annular 
region above the expansion cons 205 within the interior of th© tubular member 210. In 
this manner, the extrusion of the tubular member 21 0 off of the expansion cone 205 is 
facilitated. The lubricant 245 may be any number ctf^^entional commercially 

5 available lubricants such as, for example, lubriplateTefoEorircs based lubricants, oil 
based lubricants or Climax 1500 Antisieze (3100). in a preferred embodiment, the 
lubricant 245 is Climax 1500 Anflsleze (3100) available from Climax Lubricants and 
Equipment Co. in Houston, TX in order to optimally provsde optimum lubrication to 
facilitate the expansion process. 

10 In a preferred embodiment, the support member 225 is thoroughly cleaned prior 

to assembly to the remaining portions of the apparatus 200. in this manner, the 
introduction of foreign material into the apparatus 200 is minimized. This minimizes the 
possibility of foreign material dogging the various flow passages and valves of the 
apparatus 200. 

15 In a preferred embodiment, before or after positioning the apparatus 200 within 

the new section 1 30 of the wellbore 100, a couple of wellbore volumes are circulated in 
order to ensure that no foreign materials are located within the waOlbore 100 that might 
dog up (he various flow passages and valves of the apparatus 200 and to ensure that 
no fcrecgn material interferes with the expansion process. 

20 As illustrated in FIGS. 2 and 2e, in a preferred embodiment, during placement 

of the apparatus 200 within the wellbore 100, ftuidic materials 250 within the wellbore 
that are displaced by the apparatus are at least partfolOy conveyed through the fluid 
passages 220, 205a, 225a, and 225b. In this manner, stsrge pressures created by the 
placement dT the apparatus within the wellbore 100 are reduced. 

25 As illustrated in FIGS. 3, 3a, ami 3b, the fluid passage 225b is then dosed and 

a hardenable fHuidic sealing material 255 is then pumped from a surface, location into 
the flutd passages 225a and 205a. The material 255 then passes from the fluid . 
passage 205a into the Interior region 230 of the shoe 215 below the expansion con© 
205. The msterteJ 255 then passes from the interior region 230 into the fluid passage 

30 220. The material 255 then exits the apparatus 200 and fills am annular region 260 
between the exterior of the tubular membsr 21 0 and the Interior wall off the new section 
130 of the wellbore 100. Continued pumping of the material 255 causes the material to 
ill up at least a posttono? the annular region 280. 

The material 255 is preferably pumped Into tto© artnufl® r region 260 at pressures 

35 and flow rates ranging, for example, from about 0 to 5000 psi and 0 to 1 ,500 

galtons/min, respectively. The optimum flow rate and operating pressures vary as a 
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function of the casing and wellborn sizes, welllbora section length, available pumping 
equipment and fluid properties of the fluidic material being pumped. The optimum flow 
rate and operating pressure are preferably determined using conventional empirical 
methods. 

5 The harderuable fluidic sealing material 255 may be any number of conventional 

commercially available hardenable fluidic sealing materials such as, for example, slag 
mix, cement, latex or ©poxy. On a preferred embodiment, the hardenable fluidic sealing 
material 255 is a blended cement prepared specifically for the particular well section 
being drilled from Halliburton Energy Services in Dallas, TX in order to provide optimal 

1 0 support for tubular member 210 while also maintaining optimum flow characteristics so 
as to minimize diffieutfes during the (Displacement of cement In the annular region 260. 
The optimum Mend of the blended cement is preferably determined using conventional 
empirical methods. In several alternative embodiments, the hardenable fluidic sealing 
material 255 is compressible before, during, or after curing. 

15 The annular region 280 preferably is filled with the material 255 in sufficient 

quantities to ensure that, upon radial expansion off the tubular member 210, the annular 
region 280 of the mew section 1 30 of the wellbore 1100 will be filled with the material 
255. 

In an alternative embodiment, the injection of the material 255 into the annular 
20 region 280 is emitted, or is provided after the radial expansion of the tubular member 
210. 

As illustrated in FOGS. 4, 4a, and 4b, once the annular region 260 has been 
adequately fflted with tiro material 255, a plug 285, or other similar device, is introduced 
into thQ fluid passage 220, thereby ftuldicly isolating the interior regfon 230 tarn -the 

25 arinuJar region 280. In a pratarod enrtbodlment, a non^hardenable fluidic material 270 
Es then pumped into the interior region 230 causing thQ interior region to pressurize. In. 
this manner, the interior iroglon 230 of the expanded tubular member 21 0 will not 
contain significant amounts of the cured material 255. This also reduces and simplifies 
the cost of the entire process. Alternatively, the material 255 may be used during this 

30 pha§® of the process. 

As Illustrated in FIG. 5, in a preferred embodiment, the continued injection of 
the fluidic material 270 pressurises th© region 230 and unfolds the intermediate portion 
215b of the shoe 215. On a preferred embodiment, the cutsWe diameter of the unfolded 
intermediate portion 215b of th® shoe 215 Is greater than the outside diameter of the 

35 upper and tower portions, 21 5a and 21 5b, of the shoe. In a preferred embodiment, the 
inside and outside diameters of the untotdod intermediate portion 215b of the shoe 215 
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are greater than the inside and outside diameters, respectively, of the upper and lower 
portions, 215a and 215b, of the shoe. In a preferred embodiment, the inside diameter 
of the unfolded intermediate portion 215b of the shoe 215 is substantially equal to or 
greater than the Inside diameter of the preexisting casing 1 1 5 in order to optimally 

5 facilitate the formation off a mono-diameter wellbore casing. 

As illustrated In FIG. 6, in a preferred embodiment, the expansion cone 205 Is 
then lowered into the unfolded intermediate portion 21 5b of the shoe 21 5. In a 
preferred embodiment, the expansion cone 205 Is krosrad into the unfolded 
intermediate portion 215b of the shoe 215 until the bottom of the expansion cone is 

10 proximate the lower portion 215c of the shoe 215. In a preferred embodiment, during 
the towering of the expansion cone 205 into the unfolded intermediate portion 21 5b of 
the shoe 215, the material 255 within the arwiuJar region 260 and/or the bottom of the 
wellbore section 130 maintains the shoe 215 in a substantially stationary position. 

As illustrated in FIG. 7, in a preferred embodiment, the outside diameter of the 

15 expansion cone 205 is then Increased. In a preferred ©mbodiment, the outside 
diameter of the expansion cone 205 is increased as disclosed in U.S. patent nos. 
5,348,095, and/or 6,012,523, the disctosures of which are incorporate herein by 
reference. Dn a preferred embodiment, the outside diameter of (the radially expanded 
expansion cone 205 is substantially equal to the inside diameter of the preexisting 

20 wellbore casing 115. 

In an alternative embodiment, the expansion cone 205 is not lowered into the 
radially expanded portion of the shoe 215 prior to being radially expanded. In this 
manner, the uppesr portion 210c of the shoe 210 may be radially expanded by the radial 
expansion of the expansion cone 205. 

25 In another alternative embodiment, ths expansion cone 205 is no8 radially 

expanded. 

As illustrated in FIG. 8, in a preferred embodiment, a fluidic material 275 is then 
injected into the region 230 through the fluid passages 225a and 205a. Dn a preferred 
embodiment, once the interior regbn 230 becomes sufficiently prassurised, the upper 

30 portion 215a of the shoe 215 and the tubular member 2110 are preferably plastically 
deformed, radially expanded, and exfeuded off of the expansion cone 205. 
Furthermore, in a preferred embodiment, dur&ig the end of the radial expansion 
process, the uppsr portion 210d of the tii&uSar member and the Cower portion of the 
preexisting casing 1 1 5 that overlap with one another are simultaneously plastically 

35 deformed and radially expanded. In this manner, a mono-diameter wellbore rasing 
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may be formed that includes the preexisting wellbore casing 1 15 and the radially 
expanded tubular msmtar 210. 

During the ©xtmusion process, the expansion cone 205 may be raised out of the 
expanded portion of the tubular member 210. In a preferred embodiment, during the 

5 extrusion process, the expansion cone 205 Is raised at approximately the same rate as 
the tubular member 210 Es expanded in order to keep the tubular member 210 
stationary relative to the new wellbore sectan 1 30. In this manner, an overlapping Joint 
between the radially expanded tubular member 210 and the tar portion of the 
preexisting casing 115 may be optimally formed. In an alternative preferred 

10 embodiment, the expansion cone 205 is maintained in a stationary position during the 
©xteuslon process thereby allowing the tubular member 210 to extrude off of the 
expansion cone 205 and Into the new wellbore section 130 under the force of gravity 
and the operating pmsssuna off the interior (region 230. 

In a preferred embodiment, when the upper end portion 21 Od of the tubular 

1 5 member 210 and the tower portion of the preexisting casing 115 that overlap with one 
another ®r© plastically deformed and radially expanded by the expansion cone 205 v the 
expansion cone 205 is displaced out of the w&Ulbore 1 00 by both the operating 
pressure within the msgton 230 and a upwardly directed axial force applied to the 
tubular support member 225. 

20 Tto overlapping joint between the lower portion of the preexisting casing 1 1 5 

ami the radiatfy expanded tubular member 210 preferably provides a gaseous and 
flusdic seal. In a partlculariy preferred embodiment, the sealing members 245 optimally 
provide a fJuidic and gaseous seal In the overlapping joint. In an alternative 
embodiment, the sealing members 245 ©re omitted. 

25 In a preformed embodiment, the operating pressure and flow rate of tifre flu&dic 

material 275 is controllably ramped down when the expansion rone 205 reaches the 
upper end portion 210d of the (tubular member 210. In this manner, the sudden release 
of pressure caused by the compSate extrusion of the tubular member 210 off of the 
expansion cone 205 ran be minimised. On a pretferrod embodiment, the operating 

30 pressure is reduced On a substantially Binaar fashion ftom 100% to about 10% during 
the end of the extrusion process beginning w3n©n the expansion cone 205 is wJthln 
about 5 feet from oompteftton of the extrusion process. 

Alternatively, or In combination, the wall fhitikness of the upper end portion 
210d of the tubular member is tapered in order to gradually reduce the required 

35 operating pressure for ptasticaJly deforming and radially expanding the upper end 
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porta of th© tubular member. In this manner, shock loading of the apparatus is at 
least reduced. 

Alternative^, or in combination, a shock absorber is provided in th® support 
msmfrsr 225 in enter to absorb the shock caused by the sudden release of pressure. 

5 The shock absorber may comprise, for example, any conventional commercially 
available shock absorber, bumper sub, or jars adapted for use in wellbore operations. 

Alternatively, or in combination, an expansion cone catching structure is 
provided 5n th© upper end portion 210d of the tubular member 210 in order to catch or 
at least decelerate the expansion cone 205. 

10 In a preferred embodiment, the apparatus 200 is adapted to minimize tensile, 

buret, and friction effects upon the tubular member 210 during the expansion process. 
These effects wHI be depend upon the geometry of -the expansion cone 205, the 
material composition off the tubular member 210 and expansion cone 205, the inner 
diamster of the tubular member 21 0, the wall thickness of the tubular member 21 0, the 

1 5 type of lubricant, ami the yield strength of th© tubular member 21 0. On general, the 
mxfcer the wall tfiicknsss, the smaller the inner diameter, and the greater the yield 
strength cJ the tubular member 210, then the greater the operating pressures required 
to extrude th® tubular mamber 210 off of the expansion oon© 205. 

For typical tubular members 210, the extrusion of the tubular member 210 off of 

20 the expansion cone 205 will begin when the pressure of the interior region 230 
reaches, for example, approximately 500 to 9,000 psl. 

During the extrusion process, the expansion cone 205 may be raised out of the 
expanded portion of th© tubular member 210 at rates ranging, for example,, from about 
0 to 5 fltfeec In a preferred embodiment, during the extrusion process, the expansion 

25 cons 205 lis raised out of the expanded portion of the tubular member 21 0 at rates 
ranging from about 0 to 2 Wmo in order to minimize the time required for the expansion 
proofs white also permitting easy control of the expansion process. 

As illustrated In FOG. 9, one® the extrusion process is completed, the expansion 
cone 205 Is removed from the w&Rboro .100, In a preferred embodiment, either before 

30 or after the removal of the expansion cone 205, the integrity of the flukiic seal of the - 
overlapping Joint between the upper end portion 21 Od of the tubular member 21 0 and 
the letter end portion 1 15a of the preexisting wellbore rasing 115 Is tested using 
conventional methods. 

In a preferred embodiment, if the fluidic seal of the overlapping joint between 

35 th© upper end portion 210d of th® tubular mraember 210 and the Ic&er end portion 11 15a 
of th© rasing 1 15 & satisfactory, then any uncured portion of the material 255 within the' 
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expanded tubular member 210 Is then removed in a conventional manner such as, for 
example, circulating the uncured material out of the interior of the expanded tubular 
member 21 0. The expansion cone 205 is then pulled out of the weBbore section 1 30 
and a drill bit or mill is used in combination with a conventional drilling assembly to drill 
5 out any hardened material 255 within the tubular member 210. In a preferred 
embodiment, the material 255 within the annular region 280 is then allowed to fully 
cure. 

As instated In FIG. 10, the bottom portion 215c of the shoe 215 may then be 
removed by drilling out the bottom portion of the shoe using conventional drilling 

10 methods. Hhe wellbore 100 may then be extended 5n a conventional manner using a 
conventional drilling assembly. In a preferred embodiment, the inside diameter of the 
extended poirto of the weHbore 100 is greater than the inside diameter of the radially 
expanded shoe 215. 

As illustrated in FIG. 1 1, the method of FIGS. 1-10 may be repeatedly 

1 5 performed in ordesr to provcde a mono-diameter wellbore rasing that Includes 

oveirteppJng wellboma casings 115 and 210a-210e. The wellbore casing 115, and 210a- 
210® preferably indude outer annular laytems of fluidte sealing material. Alternatively, 
theoutor annulairlayemofffluldlcgoallng mat^sl may be omitted. In th© manner, a . 
mono-diameter wellbore rasing may be formed within the subterranean formation that 

20 extends for tens of thousands of feet More generally still, the teachings of FIGS. 1-11 
may be used to form a mono-diameter wellbore rasing, a pipeline, a structural support, 
or a tunnel within a subterranean formation at any orientation from (the vertical to the . 
horizontal. 

In a pmefemred embodiment, the tomato of a mono-diameter mllbora -castoig; 

25 m illustrated in FIGS. 1-11. is further provided as disclosed in one or more of the 
following: (1) U.S. patent application serial no. 08/454,139, attorney docket no. 
25781.03.02, filed on 12/3/1099, (2) U.S. patent appfeatton serial no. 09/510,913, 
attorney docket no. 25791.7.02, filed on 2/23/2000, (3) U.S. patent application serial 
no. 09/502,350, attorney docket no. 25791.8.02, filed on 2/10/2000, (4) U.S. patent 

30 application serial no. 09/440,338, attorney docket no. 25791 .9.02, filed on 1 1/1 5/1 999, 
(5) U.S. patent application serial no. 09/523,460, attorney docket no. 25791.11.02, filed 
on 3/10/2000, (3) U.S. patent appfficaton serial no. 09/512,895, attorney docket no. 
25791 .1 2.02, filed on 2/24/2000, (7) U.S. (patent application serial no. 09/51 1 ,941 , 
attorney docket no. 25791.18.02, filed on 2/24/2000, (8) U.S. patent application serial 

35 no. 09/588,946, attorney docket no. 25791 J 7.02, filed on 8/7/2000, (9) U.S. patent 
appMeatton s@rt®l no. 09/559,122, attorney docket no. 25791.23.02, filed cn 4/28/2000, 
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(10) PCT patent application serial no. PCT/U $00/ 16635, attorney docket no. 
25791 .25.02, filed on 7/9/2000, (1 1 ) U.S. provisional patent application serial no. 
60/162,671, attorney docket no. 25791.27, filed on 1 1/1/1999, (12) U.S. provisional 
patent application serial no. 60/154,047, attorney docket no. 25791.29, filed on 
5 9/1 6/1 999, (1 3) U.S. provisional patent application serial no. 60/1 59,082, attorney 
docket no. 25791.34, filed on 10/12/1999, (14) U.S. provisional patent application serial 
no. 60/159,039, attorney docket no. 25791.38, filed on 10/12/1999, (15) U.S. 
provisional patent application serial no. 60/159,033, attorney docket no. 25791.37, filed 
on 10/12/1999, (16) U.S. provisional patent application serial no. 60/212,359. attorney 

10 docket no. 25791.38, filed on 6/19/2000, (17) U.S. provisional patent application serial 
no. 60/165.228, attorney docket no. 25791.39. filed on 11/12/1999. (18) U.S. 
provisional patent application serial no. 60/221.443, attorney docket no. 25791.45. filed 
on 7/28/2000, (19) U.S. provisional patent application serial no. 60/221,645. attorney 
docket no. 25791 .46. fifed on 7/28/2000, (20) U.S. provisional patent application serial 

15 no. 60/233.638, attorney docket no. 25791 .47, filed on 9/18/2000. (21) U.S. provisional 
patent application serial no. 60/237,334, attorney docket no. 25791 .48, filed on 
10/2/2000, and (22) U.S. provisional patent application serial no. 60/262.434, attorney 
docket no. 25791.51, filed on 1/17/2001, the disclosures of which are incorporated 
herein by reference. 

20 Referring to FIGS. 12. 12a, 12b, 12c, and 12d, in an alternative embodiment, an 

apparatus 300 for forming a mono-diameter wellbore casing is positioned within the 
wellbore casing 115 that is substantially identical in design and operation to the 
apparatus 200 except that a shoe 305 is substituted for the shoe 21 5. 

In a preferred embodiment, the shoe 305 includes an upper portion 305a, an 

25 intermediate portion 305b, and a tower portion 305c having a valveable fluid passage 
310 that is preferably adapted to receive a plug, dart, or other similar element for 
controltably sealing the fluid passage 310. In this manner, the fluid passage 310 may 
be optimally sealed off by introducing a plug, dart and/or ball sealing elements into the 
fluid passage 310. 

30 The upper and low portions. 305a and 305c, off the shoe 305 are preferabJy 

substantially tubular, and the intermediate portion 305b of the shoe includes 
corrwgatoons 305ba-305bh. Furthermore, In a preferred embodiment, when the 
intermediate portion 305b of the shoe 305 is radially expanded by the application of 
fluid pressure to the interior 315 of the shoe 305. the inside and outside diameters of 

35 the radially expanded intermediate portion are preferably both greater than the inside 
and outside diameters of the upper and lower portions. 305a and 305c. In this manner, 
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the outer drcumfeirence of the intermediate portion 305b of the shod 305 is preferably 
greater than the outer drcuimferenoas of the upper and lower portions, 305a and 305c, 
of the shoe. 

In a pireferred embodiment, the shea 305 (further includes on© or more through 

5 and side outlet ports In fluidic communicate with the fluid passage 31 0. In this 
manner, the shoe 305 optimally injects hardenable fJuEdfic sealing material Into the 
region outside the shoe 305 and tubular member 21 0. 

In an alternative embodiment, the flow passage 31 0 is omitted. 

On a preferred embodiment, as illustrated in FSGS. 12 and 12d, during 

10 p&aoament off the apparatus 300 within the weibore 100, flucdic materials 250 within the 
wellbore that aire displaced by the apparatus are conveyed through the fluid passages 
310, 205a, 225a, and 225b. In this manner, surge pressures created by the placement 
of the apparatus within the wellbore 100 are reduced. 

In a preferred embodiment, as illustrated in FIG. 13 and 13a, the fluid passage 

1 § 225b ss then closed and a hardenable fluidic sealing material 255 is then pumped from 
a surface location Into the fluid passages 225a and 205a. The material 255 then 
passes ton the fluid passage 205a into the interior region 3 1 5 of the shoe 305 below 
the expansion cone 205. The material 255 then passes from the interior region 315 
into the fluid passage 310. The material 255 then exits the apparatus 300 and fills the 

20 annular region 280 between the exterior of the tubular member 21 0 and the interior wall 
of the new section 130 of the wellbcre 100. Continued pumping of the material 255 
causes the material to fill up at toast a portion oS the annular region 260. 

The material 255 is preferably pumped Unto the annular region 260 at pressures 
and flow rates (ranging, for example, from about 0 to 5000 psi and 0 to 1 ,500 

25 gallons/rmin, respectively. The optimum flow rate and operating pressures vary as a 
function of the casing and wellbore sizes, weibore section lesngth, available pumping 
equipment, and fluid properties of the fflufdic material being pumped. The optimum flow 
rate and' operating pressure are preferably determined using conventional empirical 
methods. 

30 - The hardenable fluidic sealing material 255 may be any number of conventional 
commerdally available hamdenabSe ftuidte sosilng materials- such as, for example, slag 
mix, cement, latex or epoxy. In a preferred embtdkmevit. the hardenable fluidic sealing 
materia! 255 is a blended cement prepared specifically for the particular well section 
being drilled from Halliburton Energy Services In Dallas, TX In order to provide optimal 

35 support for tubular member 210 white also maintaining optimum fftow characteristics so 
as to minimize difficulties during the displacement of cement In the annular region 260. 
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The optimum blend of the blended cement is preferably determined using conventional 
empirical methods. In several alternative embodiments, the hardenable flucdic sealing 
material 255 is compressible before, during, or after curing. 

The annular region 260 preferably is fitted with the material 255 in sufficient 
5 quantities to ensure that, upon radial expansion of the tubular member 21 0, the annular 
region 260 of the new section 130 of the wellborn 100 wHI be filled with the material 
255. 

In an aUtemathte embodiment the injection of the material 255 into the annular 
region 260 is omitted. 

10 As illustrated in FIGS. 14 and 14a, once the annular region 260 has been 

adequately filled with the material 255, a plug 265, or other similar device, Is introduced 
Into the fluid passage 310, thereby fluidiciy isolating the interior region 315 from the 
annular region 260. In a preferred embodiment, a nonrhardenable fluidic material 270 
is then punmped into the interior region 315 causing the interior region to pressurize. In 

1 5 this manner, the interior region 315 wall not contain significant amounts of the aired 
material 255, This also reduces and simplifies the cost of the entire process. 
Alternatively, the material 255 may be used during this phase of the process. 

As Illustrated In FIG. 15, in a preferred embodiment, the continued injection of 
the fluidic material 270 pressurizes the region 315 and unfolds the corrugations 305ba- 

20 305bh of th© Intermediate portion 305b of the shoe 305. In a preferred embodiment, 
the outside diameter of the unfolded intermediate portion 305b of the shoe 305 is 
greater than (the outside diameter of the upper and lower portions, 305a and 305b, of 
the shoe. In a preferred embodiment, the inside and outside diameters of the unfolded 
Intermediate portion 305b of the shoe 305 are greater than the inside and outside 

25 diameters, respectively, of the upper and lower portions, 305a and 305b, of the shoe. 
In a pmefemred embodiment, the inside diameter of the unfolded intermediate portion 
305b of the shoe 305 is substantially equal to or greater than the inside diameter of the 
preexisting rasing 305 in order to optimize the formation of a mono-diameter wellbore 
rasing. 

30 As illustrated In FIG. 16, in a preferred embodiment, the expansion cone 205 is 

then towered Into th® unfolded Intermediate portion 305b of the shoe 305. In a 
preferred embodiment, th® expansion cone 205 is Dowered into the unfolded 
intermediate portion 305b of the shoe 305 until the bottom of the expansfon cone is 
proximate the tower portion 305c cJ the shoe 305. In a preferred embodiment, during 

35 the lowering of the expansion cone 205 into the unfolded Intermediate portion 305b of 
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the shod 305, the material 255 within the annular region 260 maintains the shoe 305 in 
a substantially stationary position. 

As illustrated in FIG. 17, in a preferred embodiment, the outside diameter of the 
expansion cone 205 is then increased. In a preferred embodiment, the outside 
5 diameter of the expansion cone 205 is increased as disclosed in U.S. patent nos. 
5,343,095, ©nd/or 6,012,523, the disclosures of which are incorporate herein by 
referee. In a preferred embodiment, the outside diameter of the rad&lly expanded 
expansion cons 205 is substantially equal to the inside diameter of the preexisting 
weBbore casing 115. 

10 In an alternative embodiment the expansion cone 205 is not lowered into the 

radially expanded portion of the shoe 305 prior to being radially expanded. In this 
manner, the upper portion 305c of the shoe 305 may be radially expanded by the radial 
expansion of the expansion cone 205. 

In another alternative embodiment, the expansion cone 205 is not radially 

15 expanded. 

As illustrated In FIG. 18, in a preferred embodiment, a fluidic material 275 is 
then injected into the region 315 through the fluid passages 225a and 205a. In a 
preferred embodiment, ones the interior region 315 becomes sufficiently pressurized, 
the upper portion 305a of the shoe 305 and the tubular member 210 are preferably 

20 plastically deformed, radially expanded, and exfcnwSed off of the expansion cone 205. 
Furthermore, in a preferred embodiment, during the end of the radial expansion 
prcosss, the upper portion 21 Od of the tubular member and the lowsr portion of the 
preexisting rasing 115 that overlap with one another are simultaneously plastically 
deformed and radially expanded. In thfe manner, a mono^lameter wellbore rasing - 

25 may be formed that includes the preexisting wellbore rasing 115 and the radially 
expanded tubular member 210. 

During the extrusion process, the expansion con® 205 may be raised out of the 
expanded portion of the tubular member 210. fin a preferred embodiment, during the 
extrusion process, the expansion cone 205 is raised at approximately the same rate as 

30 the tubular member 210 is expanded Sn order to keep the tubular member 210 

stationary (relative to the new libera section 130. On this manner, an overlapping joint 
between the radially expanded tubular member 210 and the loader portion of the 
preexisting rasing 1 1 5 may be optimally formed. In an alternative preferred 
embodiment, the expansion cone 205 lis maintained in si stationary position during the 

35 extrusion process thereby staring the tubular member 21 0 to extrude off of the 
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expansion cone 205 and into the new wellbore section 130 under the fare© of gravity 

and the operating pressure of the interior region 230. 

In a preferred embodiment, when the upper end portion 21 Od of the tubular 

member 210 and the lower portion of the preexisting rasing 1 1 5 that overlap with one 
5 another are plastically deformed and radially expanded by the expansion con© 205, the 

expansion cone 205 is displaced out of the wellbore 100 by both the operating 

pressure within the region 230 and a upwardly directed axial force applied to the 

tubular support member 225. 

The overlapping joint between the lower portion of the preexisting casing 1 11 5 
10 and the radially expanded tubular member 210 preferably provides a gaseous and 

fluidtc seal, in a particularly prefemsd embodiment, the sealing members 245 optimally 

provide a fluidic and gaseous seal in the overlapping joint In an alternative 

embodiment, the seating members 245 are omitted. 

In a preferred embodiment the operating pressure and flow rate of the fluidic 
1 5 material 275 la controillably ramped down when the expansion cone 205 reaches the 

upper end portion 210d of the tubular member 210. In this manner, the sudden release 

of pressure caused by the complete extrusion of the tubular member 210 off of the 

expansion cone 205 can be minimized. In a preferred embodiment the operating 

pressure is reduced in a substantially linear fashion from 100% to about 10% during 
20 the end of the extrusion process beginning when the expansion cone 205 is within 

about 5 feet from completion of the extension process. 

Alternatively, or in combination, the wall thickness of the upper end portion. 

21 Od of the tubular member os tapered in order to gradually reduce the (required 

operating pressure for plastically deforming and radially expanding the upper end 
25 portion of the tubular member. In this manner, shock loading of the apparatus may be 

at tesst partially minimized. 

Alternatively, or in combination, a shod; absorber is provided in the support 

member 225 in order to absorb the shock caused by the sudden release of pressure. 

The shock absorber may comprise, for example, any conventional commercially 
30 available shock absorber adapted for use in weHbore operations. 

Alternatively, or in combination, an expansion cone catching structure is 

provided in the upper end portion 210d of the tubular member 210 in order to catch or 

at (east decelerate the expansion cone 205. 

In a preferred embodiment the apparatus 200 is adapted to minimize tensile, 
35 burst and friction effects upon the tubular member 21 0 during the expansion process. 

These effects will be depend upon the geometry of the expansion) cone 205, the 
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material composition of the tubular member 210 and expansion cone 205, the inner 
diameter of the tubular member 210, the wall thickness of the tubular member 210, the 
type of lubricant, and the yield strength of the tubular member 210. In general, the 
thicker the wail thickness, the smaller the inner diameter, and the greater the yield 

5 strength of the tubular member 210, then the greater the operating pressures required 
to extrude the tubular member 210 off of the expansion cone 205. 

For typical tubular members 210, the extrusion of the tubular member 210 off of 
the expansion cone 205 will begin when the pressure of the interior region 230 
reaches, for example, approximately 500 to 9,000 psi. 

10 During the extrusion process, the expansion cone 205 may be raised out of the 

expanded portion of the tubular member 210 at rates ranging, for example, from about 
0 to 5 ft/sec. Dn a preferred embodiment, during the extrusion process, the expansion 
cane 205 is raised out of the expanded portion of the tubular member 21 0 at rates 
ranging from about 0 to 2 ft/sec in order to minimize the time required for the expansion 

15 process while aSso permitting easy .control of the expansion process. 

As Illustrated Dn FIG. 19, once the extruscon process is completed, the 
expansion cone 205 is removed from the wellbore 100. In a preferred embodiment, 
either before or after the removal of the expansion cone 205, the integrity of the fluldic 
seal of the overtopping joint between the upper end portion 21 Od of the tubular member 

20 210 and the tow end portion 11 15a of the preexisting wellborn casing 1 15 lis tested 
using conventional methods. 

In a pv®f®fm$ embodiment, if the fluidic seal of the overlapping joint between 
the upper end portcon 21 Od of the tubular member 21 0 and the lower end portion 1 15a 
of the casing 1 1 5 is satosfectary , then any uncured portion of the material 255 within the 

25 expanded tubuteir member 210 is then removed in a conventional manner such as, for 
example, circulating the uncured material out of the interior of the expanded tubular 
rnsmter 210. The expansion cone 205 lis then pulled out of the weHbore section 130 
and a drill bit or man is used In combination with a conventional drilling assembly to drill 
out any hardened material 255 within the tubular member 210. In a preferred 

30 embodiment, the material 255 within the annular region 260 is then allowed to (fully 
cure. 

As illustrated In FUG. 20, the bottom portion 305c of the shoe 305 may then be 
removed by drilling ouH the bottom portion off the shoe using conventional drilling 
methods. The weilbore 100 may then be extended in a conventional manner using a 
35 conventional drilling assembly.- On a ptnaferred embodiment, the inside diameter of the 
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attended portion of the wallbore is greater than the inside diarmter of th® radially 
expanded shoe 305. 

The method of FIGS. 1 2-20 may be repeatedfy performed in order to provide a 
mono-diameter wallbor© casing that includes overlapping wellbora casings. The 

5 overlapping vyellbcre casing preferably include outer annular layers of fluldic sealing 
material. Alternatively, the outer annular layers of fluldic stealing material may be 
omitted. In this manner, a mono-diameter wallbore rasing may be formed within the 
subterranean formation that extends for tens of thousands of feet ft/tore generally still, 
the teachings of FUGS. 12*20 may be used to form a mono-diameter . wellbore casing, a 

1 0 pipeline, a structural support, or a tunnel within a subterranean formation at any 
orientation from the vertical to the horizontal. 

In a preferred embodiment, the formation of a mono-diameter welibore casing, 
as illustrated in FIGS. 12-20, is further provided as disclosed in one or more of the 
follow&ng: (1 ) U.S. patent application serial no. 09/454, 1 39, attorney docket no. 

15 25791.03.02, filed on 12/3/1999, (2) U.S. patent appMcatSon s©rtal no. 09/510,913, 
attorney docket no. 25791 .7.02, filed on 2/23/2000, (3) U.S. patent application serial 
no. 08/502,350, attorney docket no. 25791.8.02, filed on 2/10/2000, (4) U.S. patent 
application serial no. 08/440,338, attorney docket no. 25791.9.02, filed on 11/15/1999, 
(5) U.S. patent application serial no. 09/523,460, attorney docket no. 25791 .1 1 .02, filed 

20 on 3/10/2000, (8) U.S. patent application serial no. 09/512,895, attorney docket no, 
25791 .12.02, filed on 2/24/2000, (7) U.S. patent application serial no. 09/51 1 ,941 , 
attorney docket no. 25791.16.02, filed on 2/24/2000, (8) U.S. patent allocation serial 
no. 09/588,946, attorney docket no. 25791.17.02, filed on 6/7/2000, (9) U.S. patent 
application serial no. 09/559,122, attorney docket no. 25791.23.02, filed on 4/26/2000, 

25 (10) PCT patent application serial no. PCT/US0Q/1 8635, attorney dock©* no. 
25791.25.02, filed on 7/9/2000, (11) U.S. provisional) patent application serial no. 
60/162,671, attorney docket no. 2579127, filed on 1 1/1/1999, (12) U.S. provisional 
patent application serial no. 60/154,047, attorney docket no. 25791.29, foted on 
9/16/1999, (13) U.S. provisional patent application serial no. 60/159,082, attorney 

30 docket no. 25791 .34, filed on 10/12/1999, (14) U.S. pravcswmai patent application serial 
no. 60/159,039, attorney docket no. 25791.36, Wed on 10/12/1999, (15) U.S. 
provisional patent application serial no. 60/159,033, ©temey docket no. 25791.37, filed 
on 10/12/1999, (118) U.S. provisional patent application serial no. 60/212,359, attorney 
docket no. 25791.38, filed on 6/19/2000, (17) U.S. provisional patent application serial 

35 no. 60/165,228, attorney docket no. 25791.39, flited on 11/12/1989, (18) U.S. 

provisional patent applicatton serial no. 60/221 ,443, attorney docket no. 25791 .45, filed 
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on 7/28/2000, (19) U.S. provisional patent application serial no. 60/221,645, attorney 
docket no. 25791 .46, filed on 7/28/2000, (20) U.S. provisional patent application serial 
no. 60/233,638, attorney docket ho. 25791.47, filed on 9/18/2000, (21) U.S. provisional 
patent application serial no. 60/237,334, attorney docket no. 25791.48, filed on 
5 10/2/2000, and (22) U.S. provisional patent application serial no. 60/262,434, attorney 
docket no. 25791 .51 , filed on 1/1 7/2001 , the disclosures of which are incorporated 
herein by reference. 

In several alternative embodiments, the apparatus 200 and 300 are used to 
form and/or repair wellborn casings, pipelines, and/or structural supports. 

10 In several alternative embodiments, the folded geometries of the shoes 215 and 

305 are provided in accordance with the teachings of U.S. Patent Nbs. 5,425,559 
and/or 5,784,702, the disclosures of which are incorporated herein by reference. 

An apparatus for forming a wellborn casing tn a borehole located in a 
subterranean formation IncHudlrcg a pmaextsting weliboma rasing has been described that 

1 5 includes a support member including a first fluid passage, an expansion cone coupled 
to the support member including a second fluid passage fliididy coupled to the first 
fluid passage, an expandable tubular liner movably coupled to the expansion cone, and 
an expandable shoe coupled to the expandable tubular liner. On a preferred 
embodiment, the expansion cone is expandable. In a preferred embodiment, the 

20 expandable shoe includes a vatveable fluid passage for controlling the flow of fluidic 
materials out of the expandable shoe. On a preferred embodiment, the expandable 
shoe Includes: an expandable portion and a {remaining portion, wherein the outer 
circumference of the expandable portion is greater than the outer drcumferance of the 
remaining portion. In a preferred embodiment, the expandable portion includes: one or 

25 more inward folds. In a preferred embodiment, the expandable portion Modes: one or 
• more conjugations. In a preferred embodiment, the expandable shoe includes: one or 
more inward folds. In a preferred embodiment, the expandable shoe includes: one or 
mora corrugations. 

A shoe hag also been described (that includes an upper annular portion, an 
30 . intermediate annuteir portion, and a teer annular position, wherein the intermediate 
annular portion has an outer drcurnffererooe that is tavqw than the outer circumferences 
of the upper and tower annular portions. In a preferred embodiment, the lower annular 
portion includes a vatveable flute) passage for confronting the flow of fluidic materials out 
of the shoe, fin a pmeferred embodiment, the interniedoate portion includes one or mans 
. 35 inward folds. In a preferred embodiment, the intermediate portion includes one or more 
corrugations. 



24 



A method of forming a wellbore casing in a subterranean formation having a 
preexisting wellbore casing positioned in a borehole has also been described that 
includes installing a tubular liner, an expansion con©, and a shoe in the borehole, 
radially expanding at least a portion of the shoe by injecting a fluidic material into the 
5 shoe, and radially expanding at least a portion of ths tubular liner by injecting a fluldic 
material into the borehole below the expansion cone. In a preferred embodiment, the 
method further indudes radially expanding the expansion cone. In a preferred 
embodiment the method further Indudkes lowering the expansion cone into the radially 
expanded portion of the shoe, and- radially expanding the expansion cone. In a 

10 preferred embodiment, the method further indudes. radially expanding at least a portion 
of the shoe and the tubuter liner by injecting a fluidic material into the borehole below 
the radially expanded expansion cone. In a preferred embodiment, the method further 
includes injecting a hardenable fluidic sealing material into an annutus between the 
tubular liner and the borehoJe, In a planned embodiment, the method further indudes 

15 radially expanding at least a portion of the preexisting wellbore rasing. In a preferred 
embodiment, the method further indudes overlapping a portion of the radially 
expanded tubular liner with a portion of the preexisting wellbore rasing, in a preferred 
embodiment, the Inside diameter of the radially expanded tubular liner os substantially 
equal to the inside diameter of a nonovertepping portion of the preexisting wellbore 

20 rasing. In a preferred embodiment, th© method further indudes applying an axial force 
to the expansion com. In a preferred embodiment, the inside diameter of the radially 
expanded shoe is greater than or equal to the insid® diameter of the radially expanded 
tubular liner. 

An apparatus for forming a weWbore rasing in a subterranean formation having 
25 a preexisting wellbore rasing positioned in a borehole has also been described that 
indudes means for installing a tubular liner, an expansion cone, and a shoe in the 
borehole, means for radially expanding at least a portion of the shoe, and means for 
radially expanding at teast a portion of the tubular liner, in a preferred embodiment, the 
apparatus further Indudos means for radially expanding the expansion oone. in a 
30 preferred embodiment, the apparatus (further Indudes means for towering the 

expansion rone Into the radially expanded portion off the shoe, and means fox radially 
expanding the expansion cone. In a preferred embodiment, the apparatus further 
indudes means for injecting a fluidic material Into the borehole below the radially 
expanded expansion cone. In a preferred embodiment, the apparatus further Indudes 
35 means for injecting a hardenable fMdic sealing material into an annulus between the 
tubular Ener and the borehole. In a preferred embodiment, the apparatus further 



25 



includes means for radially expanding at least a portion of the preexisting wellbore 
casing. In a preferred embodiment, the apparatus further includes means for 
overlapping a portion of the radially expanded tubular liner with a portion of the 
preexisting wellbotre casing. In a preferred embodiment the inside diameter of the 
5 radially expanded tubular liner is substantially equal to the inside diameter of a 

nonoveriapping portion of the preexisting wellbore rasing. In a preferred embodiment, 
the apparatus further includes means for applying an axial force to the expansion cone. 
In a preferred embodiment, the Inside diameter off the radially expanded shoe is greater 
than or equal to the inside diameter of the radially expanded tubular liner. 

10 An apparatus for forming a wellbore rasing within a subterranean formation 

incOuding a preexisting wellbore rasing positioned in a borehole has also been 
described that includes a tubular finer and means for radially expanding and coupling 
the tubular liner to an overlapping portion of the preexisting wellbore rasing. The 
inside diameter of the radially expanded tubular liner is substantially equal to the inside 

1 5 diameter of a non-overlapping portion of the preexisting wellbore casing. 

A wellbore casing positioned in a borehole within a subtenranean (formation has 
also been described that includes a first weDbore rasing and a second wellbore rasing 
coupted to and overlapping with the first wellbore rasing, wherein the second wellbore 
rasing is coupled to the first wellbore casing by the process of: installing the second 

20 wellbore rasing, an expansion cone, and a shoe in the borehole, radially expanding at 
least a portion of the shoe by injecting a fluidlc material into the shoe, and radially 
expanding at toast a portion of the second weHbome rasing by injecting a fiuidic material 
into the borehole below the expansion cone. In a preferred embodiment, the process 
for forming the wellbore rasing further includes radially expanding the expansion cone. 

25 On a preferred embodiment, the process for farming the wellbore rasing further includes 
lowering the expansion cone into the radially expanded portion of the shoe, aired radially 
expanding the expansion cone. On a pmsfferred embodiment, the process for forming the 
wslbore casing further includes radiaGiy expanding at (east a portion of the shoe and 
the second wellbore rasing by injecting a fiuidic material into the borehole below the 

30 radially Qxpanded expansion cone. In a preferred embodiment, the process for forming 
the wellbora rasing further includes Injecting a hardenabte ftukJte sealing material into 
an annulus betwean the second wellbore rasing and the borehole. In a preferred 
embodiment, the process for forming the wellbore casing further inctudes radially 
expanding at least a portion of the first wellbore casing. In a preferred embodiment, 

35 fho process for forming the wellbore rasing further Includes overlapping a portion of the 
radially expanded second wellbore rasing with a portion of the first wellbore rasing. On 
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a preferred embodiment, tha inside diameter of the radially expanded second welllbona 
rasing is substantially equal to the inside diameter of a rconovertapping portion of the 
first wellbore casing. In a preferred embodiment the process for forming the wellbore 
rasing further includes applying an axial fore© to the expansion cone. In a preferred 
5 embodiment, the insEde diameter of the radially expanded shoe is greater than or equal 
to the inside diameter of the radially expanded second wellbore rasing. 

A method of forming a tubular structure in a subterranean formation having a 
preexisting tubular member positioned in a borehole has also been described that 
includes Installing a tubular liner, an expansion rone, and a shoe in the borehole, 

1 0 radially expanding at least a portion of the shoe by injecting a ftuidic material into the 
shoe, and radially expanding at least a portion of the tubular liner by Injecting a flutdic 
material into the borehole below the expansion cone. In a preferred embodiment, the 
method further indudes radially expanding the expansion cone. In a preferred 
embodiment, the method further indudes touring the expansion cone into the radially 

15 expanded portion of the shoe, and radially (expanding the expansion cone, in a 

preferred embodiment, the method further indudes radialfy expanding at bast a portion 
of the shoe aircd the tubular liner by Injecting a fluldic material into the borehote below 
the radially, expanded expansion cone. In a preferred embodiment, the method further 
includes Injecting a hardenable fluidlc sealing material into an annulus between the 

20 tubular liner and the borehole. In a preferred embodiment, the method further includes 
radially expanding at least a portion of the preexisting tubular member. In a preferred 
embodiment, the method further includes overlapping a portion of the radially 
expanded tubular liner with a portion of the preexisting tubular member. In a preferred 
esm&odlment, the inside diameter of the radially expanded tubular liner is substantially 

25 equal to the inside diameter of a mcnovertapping portion of the preexisting tubuBar 
member. In a preferred embodiment, the method further Includes applying an axial 
force to the expamscon cone. In a preferred embodiment, the Inside diameter off the 
radially expanded shoe is greater than or equal to the inside diameter of the radially 
expanded tubular liner. 

. 30 An apparatus far forming a tubular structure in a subterranean formation having 

a preexisting (tubular member positioned in a borehole has also been described that 
. indudes means far installing a tubular liner, an expansion cone, and a shoe in the 
borehole, means for radiaKy expanding at least a portion of the shoe, and means for 
radially expanding at least a portion of the tubular liner. In a preferred embodiment, the 

35 ' apparatus further includes mesTO for radially expanding the expansion ran®. Dna 
preferred embodiment, the apparatus further- includes means for lowering the 
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expansion cone into the radially expanded portion of the shoe, and means for radially 
expanding the expansion cone. In a preferred embodiment, the apparatus further 
includes means for injecting a fluidic material into the borehole below the radially 
expanded expansion cone. In a preferred embodiment, the apparatus (Further includes 

5 means tor injecting a hardenable fluidic sealing material into an annulus between the 
tubular linor and the borehole, in a preferred embodiment, the apparatus further 
includes means tor radially expanding at bast a portion of the preexisting tubular 
member. In a preferred embodiment, the apparatus further includes means for 
overlapping a portion of the radially expanded tubular liner with a portion of the 

10 preexisting tubular member. In a preferred embodiment, the inside diameter of the 
radially expanded tubular liner is substantially equal to the inside diameter of a 
nonoverlappircg portion of the preexisting tubular member, in a. preferred embodiment, 
the apparatus further includes means for applying an axial force to the expansion cone. 
In a preferred embodiment, the iriside diameter of the iradialty expanded shoe is greater 

1 5 than or equal to the inside diameter of the radialDy expanded tubular liner. . 

An apparatus tor forming a tubular structure within a subterranean formation 
including a preexisting tubutar member positioned in a Iborehol© has also, been 
described that includes a tubular liner and means tor radially expanding and coupling 
the ftubuBsr liner to an overtopping portion of the preexisting tubular member. The 

20 inside diameter off the radially expanded tubular liner is substantially equal to the inside 
diameter of a non-overlapping portion cf the preexisting tubular member. 

A tubular structure positioned in a borehote within a subterranean formation has 
also been described that Indudes a first tubular member and a second tubular member 
coupled to and overlapping with the first tubular member, wherein the second tubular 

25 member is coupled to the first tubular member by the process of: installing the second 
tubular member, an expansion eon©, and a shoe in the borehole, radially expanding at 
least a portion of the shoe by injecting a fluidic material Into the shoe, ®nd radially 
expanding at least a portion of the second tubuSar member by injecting a fluidic material 
into the borehde below the expansion cone. Dn a preferred embodiment, the process 

30 for forming the tubular structure further includes madtolly expanding the expansion cone, 
in a preferred embodiment, the process tor forming the tubular structure further 
includes lowering the expansion cone into the radially expanded portion of the shoe, 
and radially expanding the expansion rone. On a preferred embodiment, the process 
tor forming the tubular structure further includes radially expanding at least a portion of 

35 the shoe and the second tubular member by injecting a fluidic material into the 

borehole betow the radially expanded expansion cone. In a preferred embodiment, the 
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process for forming the tubular structure further includes injecting a hardenable fluldic 
sealing material into an annulus between the second tubular member and the borehole. 
In a preferred embodiment, the process for forming the tubular structure further 
includes radially expanding at least a portion of the first tubular member. In a preferred 

5 embodiment, the process for forming the tubular structure further includes overlapping 
a portion of the radially expanded second tubular member with a portion of the first 
tubular member. In a preferred embodiment, the Inside diameter of the radially 
expanded second tubular member is substantially equal to the Inside diameter of a 
rtonoverlapping portton of the first tubutar member. In a preferred embodiment, the 

10 process for forming the tubular structure further includes applying an axial force to the 
expansion cone. In a preferred embodiment, the inside diameter of the radially 
expanded shoe is greater than or equal to the inside diameter of the radially expanded 
second tubular member. 

ADthough illustrative embodiments of the invention have bean shown and 

1 5 described, a wide range of modification, changes and substitution is contemplated in 
the fbregdng disclosure. In some instances, some features of the present invention 
may be employed without a corresponding use of the other features. Accordingly, it is 
appropriate that the appended claims be construed broadly and in a manner consistent 
with the scope of the invention. 
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1. A shoe, comprising: 

an upper annular portion; 

an intermediate annular portion coupled to the upper annular portion; and 
5 a low annular portion coupled to the intermediate portion; 

wherein the intermediate annular portion has an outer circumference that Is 
larger than the outer drcumferenoss of the upper and lower annular portions. 

2. The shoe of claim 1 , wherein the lower annular portion includes a valveabie fluid 
1 0 passage for controlling the flow of fluidic materials out of the shoe. 

3. The shoe off claim 1 , wherein the Intermediate portion includes: 
one or more inward folds. 

1 5 4. The shoe of c9aim 1 , wherein the intermediate portion includes: 
one or more corrugations. 

5. A shoe, comprising: 

an upper annular portion; 
20 an intermediate annular portion coupled to the upper annular portion including 

one or more inward folds; and 

a lower annular portion coupled to the intermediate portion including a 
valveabie fluid passage for controlling the flow of fluidic materials out of the shoe; 
wherein the intermediate annular portion has an outer drcumference that Is 
25 larger than the outer circumferences of the upper and lower annular portions. 
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Claims 

1 . An apparatus for forming a wellbore casing in a borehole located in a 
subterranean formation including a preexisting welibor© casing, comprising: 

5 a support member including a first fluid passage; 

an expansion cone coupled to the support member including a second fluid 

passage fluklsdy coupled to the first fluid passage; 
an expandable tubular liner movabty coupled to the expansion cone; and 
an expandable shoe coupled to the expandable tubular liner. 

10 

2. The apparatus of claim 1 , wherein the expansion cone is expandable. 

3. The apparatus of claim 1, wherein the expandable shoe includes a valveabte fluid 
passage far controlling the flow of fluidic materials out of the expandable shoe. 

15 

4. The apparatus of claim 1 , wherein the expandable shoe includes: 
an expandable portion; and 

a remaining portion coupled to the expandable portion; 
wherein the outer circumference of the expandable portion is greater than the 
20 outer circumference of the remaining portion. 

5. The apparatus of claim 4, wherein the expandable portion includes: 
on® or more inward folds. 

25 6. The apparatus of claim 4, wherein the expandable portion includes: 
one or mnore cosrrugations. 

7. The apparatus of claim 1 , wherein the expandable shoe includes: 
one or more inward folds. 

30 

8. The apparatus of claim 1 , wherein the expandable shoe includes: 
one or more corrugations. 
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9. 



A shoe, comprising: 
an upper annular portion; 

an intermediate annular portion coupled to the upper annular portion; and 
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a lower annular portion coupled to the intermediate portion; 

wherein the intermediate annular portion has an outer circumference that is 

larger than the outer circumferences of the upper and lower annular 

portions. 

5 

10. The shoe of claim 9, wherein the lower annular portion includes a valveabie fluid 
passage for controlling the flow of fluidic materials out of the shoe. 

11. The shoe of claim 9, wherein the intermediate portion includes: 
10 one or more Inward folds. 

12. The shoe of claim 9, wherein the intermediate portion includes: 
one or more corrugations. 

15 13. A method of forming a wellbore rasing in a subterranean formation having a 
preexisting wellbona rasing positioned in a borehole, comprising: 

installing a tubular liner, an expansion cone, and a shoe in the borehole; 
radially expanding at least a portion of the shoe by Injecting a fluidic material 
into the shoe; and 

20 radially expanding at least a portion of the tubular liner by injecting a fluidic 

material into the borehole below the expansion cone. 

14. The method of claim 13, further comprising: 
radially expanding the expansion cone. 

25 

15. The method of claim 13, further comprising: 

kftwing the expansion cone onto the radially expanded portion of the shoe; and 
radially expanding the expansion cone. 

30 16. The method of claim 15, further comprising: 

(radially expanding at least a portion of the shoe and the tubular liner by injecting 
a fluidic material into the borehole below the radially expanded 
expansion cone. 



35 17. 



The roethod of claim 13, further comprising: 
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injecting a hardenable fluidic sealing material into an annulus between the 
tubular liner and the borehole. 

18. The method of claim 13, further comprising: 

5 radially expanding at least a portion of the preexisting weHbore casing. 

1 9. The method of claim 1 8, further comprising: 

overlapping a portion of the radially expanded tubular liner with a portion of the 
preexisting wellbore rasing. 

10 

20. The method of claim 1 9, wherein the inside diameter of the radially expanded 
tubular liner is substantially equal to or greater than the inside diameter of a 
nonoverlapping portion of the preexisting wellbore casing. 

15 21. The method of claim 18, further comprising: 
applying an axial force to the expansion cone. 

22. The method of cOaim 1 3, wherein the inside diameter of the radially expanded 
shoe is greater than or substantially equal to the inside diameter of the radially 

20 expanded tubular liner. 

23. An apparatus for forming a wellbore rasing on a subterranean formation having a 
preexisting wellbore casing positioned in a borehole, comprising: 

means for installing a tubular liner, an expansion cone, and a shoe in the 
25 borehole; 

means for radially expanding aft least a portion of the shoe by injecting a fluidic 

material onto the shoe; and 
means for radially expanding at least a portion of the tubular liner by injecting a 

fluidic material into the borehole below the expansion cone. 

30 

24. The apparatus of claim 23, further comprising: 
means for radially expanding the expansion cone. 

25. The apparatus of claim 23. further comprising: 

35 means for lowering the expansion cone Into the radially expanded portion of the 

shoe; and 
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means for radially expanding the expansion con©. 

26. The apparatus of claim 25, further comprising: 

means for injecting a fluidic material info the borehole below the radially 
5 expanded expansion cone. 
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27. The apparatus of claim 23, further comprising: 

means for injecting a hardenable fluidic sealing material into an annulus 
between the tubular liner and the borehole. 

28. The apparatus of claim 23, further comprising: 

means for radially expanding at least a portion of the preexisting wellbore 
rasing. 



1 5 29. The apparatus of claim 28, further comprising: 

means for overlapping a portion of the radially expanded tubular liner with a 
portion of the preexisting wellbore rasing. 

30. The apparatus of claim 29, wherein the inside diameter of the radially expanded 
20 tubular liner is substantially equal to the inside diameter of a nonoverlapping portion of 
the preexisting wellbore casing. 



31. The apparatus of clam 28, further comprise 
means for applying an axial foros to the expansion cone. 

25 

32. The apparatus of claim 23, wherein the inside diameter of the radially expanded 
shoe is greater than or substantially equal to the inside diameter of the radially 
expanded tubular liner. . 

30 33. An apparatus for forming a wellbore rasing within a subterranean formation 
including a preexisting wellbore rasing positioned in a borehole, comprising: 
a tubular linen and 

means for radially expanding and coupling the tubular liner to an overlapping 
portion of the preexisting wellbore rasing; 
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wherein the inside diameter of the radially expanded tubular liner is 

substantially equal to the inside diameter of a non-overlapping portion of 
the preexisting wellbore casing. 

5 34. A wellborn casing positioned in a borehole within a subterranean formation, 
comprising: 

a first wellbore casing; and 

a second wsilbore casing coupled to and overlapping with the first wellbore 
raising; 

10 wherein the second wellbore rasing is coupled to the first wellbore casing by 

the process of: 

installing the second wellbore casing, an expansion cone, and a shoe in 
the borehole; 

radially expanding at least a portion of the shoe by injecting a fluidic 
15 material into the shoe; and 

radially expanding at least a portion of the second wellbore casing by 
injecting a fluidic material into the borehole below the expansion 
cone. 

20 35. The wellbore casing of claim 34, wherein the process further comprises: 
radially expanding the expansion cone. 

38. The wellbore casing off ctelm 34, wherein the process further comprises: 

towering the expansion con© into the radially expanded portion of the shoe; and 
25 radially expanding the expansion cone. 

37. The welboTtB casing of cHaim 36, wherein the process further comprises: 

radially expanding ait least a portion of the shoe and the second weUbore casing 
by injjecBng a fluidic material into the borehole below the radially 
30 expanded expansion cone. 



38. The wellbor© casing of claim 34, wherein the process further comprises: 
injecting a hardenable flukSte sealing material into an annulus between the 

second wellborn rasing and the borehole. 

35 

39. The wellbor© castng of claim 34, wherein the process further comprises: 
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radially expanding at least a portion of the first wellbore casing. 

40. The wellbore rasing of claim 39, wherein the process further comprises: 
overlapping a portion of the radially expanded second wellbore casing with a 

portion of the first wellbore casing. 

41 . The wellbore casing of claim 40, wherein the inside diameter of the radially 
expanded second welltore rasing is substantially equal to the inside diameter of a 
nomovertapplng portion of the first wellbore casing. 

42. The wellbore rasing of claim 39, wherein the process further comprises: 
applying an axial fore® to the expansion cone. 

43. The wellborn rasing of claim 34, wherein the inside diameter of the radially 
1 5 expanded shoe is greater than or substantially equal to the inside diameter of the 

radially expanded second wellbore casing. 

44. A method of forming a tubular structure in a subterranean formation having a 
preexisting tubular member positioned in a borehoie, comprising: 

20 installing a tubular liner, an expansion cone, and a shoe in the borehole; 

radially expanding at least a portion of the shoe by injecting a flukJic material 
into the shoe; and 

radially expanding at (east a portion of the tubular liner by injecting a fluidic 
material into the borehole below the expansion cone. 

25 

45. The method of claim 44, further comprising: 
radially expanding the expansion cone. 

46. The mathod of claim 44, further comprising: 

30 lowering the expansion cone into the radially expanded portion of the shoe; and 

radially expanding the expansion cone. 

47. The method of claim 46, further comprising: 

radially expanding at least a portion of the shoe and the tubular liner by injecting 
35 a fluidic material into the borehole below the radially expanded 

expansion cone. 
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48. The method of claim 44, further comprising: 
injecting a hardenable fluHic sealing material into an annulus between the 

tubular liner and the borehole. 

49. The method of claim 44, further comprising: 

radially expanding at least a portion of the preexisting tubular member. 

50. The method of claim 49, further comprising: 

10 overlapping a portion of the radially expanded tubular liner with a portion of the 

preexisting tubular member to provide a load bearing interface and a 
fluidlcseal. 

51 . The method of claim 50, wherein the inside diameter of the radially expanded 

1 5 tubular liner is substantially equal to the inside diameter of a nonovertapping portion of 
the preexisting tubular member. 

52. The method of claim 49, further comprising: 
applying an axial force to the expansion cone. 

20 

53. The method of claim 44, wherein the inside diameter of the radially expanded 
shoe is greater than or substantially equal to the inside diameter of the radially 
expanded tubular liner. 

25 54. An apparatus for forming a tubular structure in a subterranean formation having a 
preexisting tubular member positioned in a borehole, comprising: 

means for installing a tubular liner, an expansion cone, and a shoe In the 
borehole; 

means for radially expanding at least a portion of the shoe; and 
30 means for radially expanding at least a portion of the tubular liner. 

55. The apparatus of claim 54, further comprising: 

means for radially expanding the expansion cone. 



35 58. The apparatus off claim 54, further comprising: 
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maans for towering the expansion cone Into the radially expanded portion of the 
shoe; and 

means for radially expanding the expansion cone. 

5 57. The apparatus of claim 58, further comprising: 

means for injecting a flukJfc material into the borehole below the radially 
expanded expansion cone. 

58. The apparatus of claim 54, further comprising: 

10 means far injecting a hardenable fluidic sealing material into an annulus 

between the tubular liner and the borahole. 

59. The apparatus of claim 54, further comprising: 

means (for radially expanding at least a portion of the preexisting tubular 
15 member. 

80. The apparatus of claim 59, further comprising: 

means for overlapping a portion of the radially expanded tubular liner with a 
portion of the preexisting tubular member to provide a load bearing 
20 interface and a fluidic seal. 

61 . The apparatus of claim 60, wherein the Inside diameter of the radially expanded 
tubular liner is substantially equal to the inside diameter of a nonovertapping portion of 
the preexisting tubular member. 

25 

62. The apparatus of ddftm 59, further comprising: 

means for applying an axial force to the expansion cone. 

63. The apparatus of claim 54, wherein the Inside diameter of the radially expanded 
30 shoe is greater than or substantially equal to the onslde diameter of the radially 

expanded tubular liner. 

64. An apparatus for forming a tubular structure within a subterranean formation 
Including a preexisting tubular member positioned in a borehole, comprising: 

35 a tubular liner; and 
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moans for radially expanding and coupling the tubular inner to an overlapping 

portion of the preexisting tubular member; 
wherein the inside diameter of the radially expanded tubular liner is 

substantially equal to the inside diameter of a non-overlapping portion of 

the preexisting tubular member. 

65. A tubuJar structure positioned in a borehole within a subterranean formation, 
comprising: 

a first tubular member, and 

a second tubular member coupled to and overlapping with the fiirst tubular 
member; 

wherein the second tubular member is coupled to the first tubular member by 
the process of: 

installing the seoond tubular member, an expansion rone, and a shoe in 
the borehole; 

radially expanding at least a portion of the shoe by injecting a fluidic 

material into the shoe; and 
radtally expanding at bast a portion of the second tubular member by 

injecting a fluidic material into the borehole below the expansion 

cone. 

66. The tubular structure of claim 65, wherein the process further comprises: 

radially expanding the expansion cone. 

87. The tubular structure of claim 85, wherein the process further comprises: 

lowering fihe expansion rone into the (radially expanded portion of the shoe; and 
radtaBy expanding the expansion cane. 

68. The tubuBar structure of cSaim 67, wherein the process further comprises: 

radially expanding at least a portion off fihe shoe and the second tubular member 
by injecting a fluidic material into the borehole below the radially 
expanded expansion cone. 



69. 



The tubular structure off claim 65, wherein the process further comprises: 
injecting a hardenable fluidic sealing material into an anmdus between the 
second tubular member and the borehole. 
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70. Th© tubular structure of claim 55, wherein the process further comprises: 
radially expanding at least a portion of the first tubular member. 

5 71. The tubular structure of cSaim 70, wherein the process further comprises: 

overlapping a portion of the radially expanded second tubular member with a 
portion of the first tubular member. 

72. The tubular structure of claim 71 , wherein the inside diameter of the radially 
10 expanded second tubular member is substantially equal to the inside diameter of a 

nonoverfapplng portion of the first tubular member, 

73. The tubular structure of claim 70, wherein the process further comprises: 

applying an axis! foros to -the expansion) cone. 

15 

74. The tubular structure of data 65, wherein the inside diameter of the radially 
expanded shoe is greater than or substantially equal to the inside diameter of the 
radially expanded second tubular mamber. 

20 75. An apparatus for forming a wellbora rasing In a borehole located in a 
subterranean formation including a preexisting wellbore casing, comprising: 
a support member including a first fluid passage; 
an expandable expansion cone coupled to the support member imdudong a 
second fluid passage fluEdldy coupled to the first fluid passage; 
25 an expandable tubular tar movabSy coupled to the expansion cone; and 

an expandable shoe coupled to the expandable tubular liner comprising: 

a valveabte fluid passage for controlling the flow of fMdic materials out 

of the expandable shoe; 
an expandabSe portion including one or more inward Hotels; and 
30 a (remaining portion eoupted to the expandable portion;. 

wherein the outer efircumfefenc© of the expandabSe portion is greater 
than the outer drcumference of the remaining portion. 

76. A shoe, comprising: 
33 an upper annular portion; 
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an intermediate annular portion coupled to the upper annular portion including 

one or more inward folds; and 
a lower annular portion coupled to the intermediate portion including a 

valveable fluid passage for controlling the flow of fluidic materials out of 
5 the shoe; 

wherein the intermediate annular portion has an outer circumference that is 

larger than the outer circumferences of the upper and lower annular 

portions. 

10 77. A method of forming a wellbora casing in a subterranean formation having a 
preexisting wellbora casing positioned in a borehole, comprising: 

installing a tubular liner, an expansion cone, and a shoe in the borehole; 
radially expanding at least a portion of the shoe by injecting a fluidic material 
into the shoe; 

1 5 lowering the expansion cone into the radially expanded portion of the shoe; 

radially expanding the expansion cone; 

radially expanding at least a portion of the tubular liner by injecting a {fluidic 
material into the borehole below the expansion cone; and 

overlapping a portion of the radially expanded tubular liner with a portion of the 
20 preexisting wellbore casing; 

wherein the inside diameter of the radially expanded shoe is greater than or 
substantially equal to the inside diameter of the radially expanded 
tubular liner, and 

wherein the inside diameter of the radially expanded tubular liner is 
25 substantially equal to or greater than the inside diameter of a nonoveriapping 

portion of She preexisting wellbore casing . 

78. An apparatus for forming a wellbore casing in a subterranean formation having a 
preexisting wellbore casing positioned in a borehole, comprising: 
30 means for installing a tubular Bner, an expansion corte e and a shoe in the 

borehole; 

means for radially expanding at least a portion of the shoe by injecting a fluidte 

material into the shoe; 
means for lowering the expansion cone into the radially expanded portion of the 
35 shoe; 

means for radially expanding the expansion cone; 
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means for radially expanding at least a portion of the tubular liner by injecting a 
fluldic material into the borehole below the radially expanded expansion 
cone; 

means for radially expanding at least a portion of the preexisting wellbore 
casing; and 

means for overlapping a portion of the radially expanded tubular liner with a 

portion of the preexisting wellbore casing; 
wherein the inside diameter of the radially expanded shoe is greater than or 

substantially equal to the inside diameter of the radially expanded 

tubular liner, and 
wherein the inside diameter of the radially expanded tubular liner is 

substantially equal to the inside diameter of a nonoverlapping portion of 

the preexisting wellbore casing. 

79. A wellbore casing positioned in a borehole within a subterranean formation, 
comprising: 

a first wellbore casing; and 

a second wellbore casing coupled to and overlapping with the first wellbore 
casing; 

wherein the second wellbore casing is coupled to the first wellbore casing by 
flh® process of: 

installing the second wellbore casing, an expansion cone, and a shoe in 
the borehole; 

radially expanding at least a portion of the shoe by injecting a fluldic 

material into the shoe; 
lowering the expansion cone into the radially expanded portion of the 

shoe; 

radially expanding the expansion cone; 

(radially expanding at least a portion of the second wellbore casing by 
injecting a ftuidic material into the borehoSe below the radially 
expanded expansion cone; and 

overlapping a portion off the radially expanded second wellbore casing 
with a portion of the first wellbore rasing; 
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wherein the inside diameter of the radially expanded shoe is greater 
than or substantially equal to the inside diameter of the radially 
expanded second wellbore casing; and 

wherein the inscde diameter of the radially expanded second wellbore 
rasing is substantially equal to the inside diameter of a 
nonoveriapping portion of the first wellbore casing. 

80. A method of forming a tubular structure in a subterranean formation having a 
preexisting tubular member, positioned in a borehole, comprising: 

Installing a tubular liner, an expansion cone, and a shea in the borehole; 
radially expanding at least a portion of the shoe by injecting a fluidic material 
into the shoe; 

lowering the expansion cone info the radially expanded portion of the shoe; 
radiaBy expanding the expansion cone; 

radially expanding at least a portion of the tubular liner by injecting a fluidic 
material into the borehole below the radially expanded expansion rone; 
and 

overlapping a portion of the radially expanded tubular liner with a portion of the 
preexisting tubular member to provide a load bearing interface and a 
fluidic seal; 

wherein the inside diameter of the radially expanded shoe is greater than or 

substantially equal to the inside diameter of the radiaHy expanded 

tubular liner; and 
wherein the Inside diameter of the (radially expanded tubular liner is 

substantially equal to the inside diameter of a nonoveriapping portion of 

the preexisting tubular member. 

81 . An apparatus for forming a tubular structure in a subterranean formation having a 
preexisting tubular member positioned in a borehole, comprising: 

means for Installing a tubular liner, an expansion oone, and a shoe in the 
borehole; 

means for radially expanding at least a portion of the shoe; 
msans for towering the expansion cone into the radially expanded portion of the 
shoe; 

means for radially expanding the expansion oone; 

meens for (radially expanding at least a portion of the tubular liner; and 
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means for overlapping a portion of the radially expanded tubular liner with a 

portion of the preexisting tubular member to provide a load bearing 

interface and a flukJic seal; 
wherein the inside diameter of the radially expanded shoe is greater than or 

substantially equal to the inside diameter of the radially expanded 

tubular liner, and 
wherein the inside diameter of the radially expanded tubular liner is 

substantially equal to the inside diameter of a nonoveriapplng portion of 

the preexisting tubular member. 

82. A tubular structure positioned in a borehole within a subterranean formation, 
comprising: 

a first tubular member, and 

a second tubular member coupled to and overlapping with the first tubular 
member, 

wherein the second tubular member is coupled to the first tubular member by 
the process of: 

installing the second tubular member, an expansion cone, and a shoe in 
the borehole; 

radially expanding at least a portion of the shoe by injecting a flusdic 

material into the shoe; 
lowering the expansion cone into the radially expanded portion of the 

shoe; 

radially expanding the expansion cone; 

radially expanding at least a portion of the second tubular member by 

injecting a flucdic material into the borehole below the radially 

expanded expansion cone; and 
overlapping a portion of the radially expanded second tubuDar member 

withaportEon of the first tubular member; 
wherein the Inside diameter of the radially expanded shoe is greater 

than or substantially equal to the inside diameter of the radially 

expanded second tubular member, and 
wherein the inside diameter of the radially expanded second tubular 

member is substantially equal to the inside diameter of a 

nonoveriapplng portion of the first tubular member. 
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